The standard practice of irrigation and debridement (I&D) of open fractures within 6 hours of injury remains controversial.
C urrent guidelines regarding management of open fractures recommend formal irrigation and debridement (I&D) to eliminate foreign bodies and devitalized tissue within 6 hours of injury. 1 Early I&D of these injuries is performed in an attempt to minimize the risk of infectious complications. However, trauma patients who present with open fractures often have more severe injuries that need to be managed before I&D can be performed. The effect of the timing of I&D on outcomes has not been clearly delineated. Most studies, to our knowledge, are retrospective, with variable capture of infectious complications. In addition, many studies are limited to the lower extremities and have confined their analysis to limited periods. The purpose of this study was to prospectively examine the association between the time from injury to debridement of open fractures and infectious complications. Specifically, we examined the effect of delayed debridement on both early and late complications. Our hypothesis was that a delay in debridement is not associated with worsened outcomes.
Methods
After institutional review board approval from the University of Southern California, all patients with open extremity fractures were prospectively identified during a 3-year period ending June 2011 and followed up for the duration of their hospitalization. Verbal or written consent was not obtained because this is an observational prospective study and the treatment was not changed. After discharge, clinic visits (orthopedic and trauma surgery) and emergency department readmissions were tracked for 1 year. Patient variables collected included demographics, vital signs at hospital admission (ie, body temperature, blood pressure, heart rate, and respiratory rate), abbreviated injury scale score, and injury severity score. The time from emergency department admission to the first I&D was documented. The Gustilo classification was derived for all injuries at the time of initial debridement in the operating room. Management of fractures and all infectious complications, as well as other local complications, were documented up to 1 year after discharge. For the analysis, fractures were categorized as upper arm (humerus), forearm (radius and ulna), thigh (femur), and leg (tibia and fibula).
The primary outcome variable was the development of local infectious complications at early or late intervals from admission. Complications were classified as early if they occurred within 30 days of hospital admission and late if they occurred 30 days or more after admission but within 12 months of the initial injury. Infections were further stratified into superficial and deep. Secondary outcomes included local complications, including deep vein thrombosis, pulmonary emboli, nonunion, tissue necrosis, hardware failure, duration of intensive care stay, overall duration of hospital stay, and mortality. Tissue necrosis was defined as the presence of devitalized soft tissues that required surgical debridement.
For the analysis, patients were stratified into 4 groups based on the time to I&D (<6 hours, 7-12 hours, 13-18 hours, and 19-24 hours). The time of the first I&D was defined by the procedure start time in the operating room. Contingency tables were prepared to compare the distribution of demographics, vital signs at hospital admission, and injury indexes across the groups. We used χ 2 tests or the Fisher-Freeman-Halton test, where appropriate, to compare proportions, while the analysis of variance was used to compare continuous variables. Post hoc tests were performed using Bonferroni corrections in instances in which P < .05. All statistical analyses were performed using SPSS, version 20 (IBM SPSS Statistics).
Results
During the study period, 315 patients were prospectively enrolled in the study. The mean (SD) age was 33.9 (16.3) years, 79.0% were male, and most injuries (78.4%) were due to blunt trauma. All patients underwent I&D in the operating room within 24 hours of admission. Sixty-four (20.3%) patients had formal I&D within 6 hours of injury, 70 (22.2%) between 7 and 12 hours, 98 (31.1%) between 13 and 18 hours, and 83 (26.3%) between 19 and 24 hours. Demographics were similar across all groups. There were minor differences between the groups when the mechanism of injury was analyzed. Post hoc analysis identified a lower incidence of automobile vs pedestrian injuries in the less-than-6-hour group (6.2%) compared with the 13-to 18-hour group (25.5%) only. Further description of the demographics and injury indexes are detailed in Table 1 .
The most common site of open-fracture injury was the leg (48.3%), followed by the thigh (21.9%), forearm (21.3%), and upper arm (8.6%). There was no significant difference with regard to injury location between the study groups. The degree of contamination, as ascertained from the Gustilo classification, also did not differ significantly between groups. Antibiotic prophylaxis was administered in all cases, with singleagent coverage used in 31.1% of cases. Fifty-nine percent of cases required internal fixation, and the frequency of this intervention was only significantly different between the lessthan-6-hour group and the 19-to 24-hour group (48.4% vs 72.3%; P = .02) ( Table 2) .
Superficial infections (3.5%) accounted for most early wound infections (occurring within 30 days after injury). The overall early infection rate was 4.4%. There were no significant differences in the incidence of any of the early complications observed. Nonunion was the most commonly reported late (1 year) complication, occurring in 5.1% of our cohort. No significant difference was noted in the distribution of this complication or any other late complication. The duration of hospitalization and intensive care unit use did not differ across the groups ( Table 3) . The superficial infection rate between 14 and 30 days was 4.7% in the nonhardware group vs 0.5% in the hardware group (P = .02). There was no difference in the rate of deep infections.
The overall mortality was low (0.3%). The single fatality had also sustained an unstable C2 fracture and blunt cardiac injury following a motor vehicle collision. The patient had a periprosthetic femoral fracture, which underwent I&D at 12 hours. He ultimately developed myocardial infarction on day 4 and died of cardiac failure.
Discussion
To our knowledge, this is the largest and most comprehensive prospective study to date that evaluates the effect of early b Post hoc testing using Bonferroni correction identified significance between the less-than-6-hour and 19-to 24-hour groups only. Abbreviations: AIS, Abbreviated Injury Scale; AVP, automobile vs pedestrian; GCS, Glasgow Coma Scale; GSW, gunshot wound; HR, heart rate; ISS, Injury Severity Scale; MCC, motorcycle crash; MVC, motor vehicle collision; SBP, systolic blood pressure.
a Post hoc tests showed that AVP cases were least likely to receive irrigation and debridement in the first 6 hours compared with the 13-to 18-hour group. b Includes assault injuries, crush injuries, and penetrating animal bite (n = 1). debridement on open extremity fractures, controlling for the extent of wound contamination using the Gustilo classification. Both upper and lower fractures were studied, multiple time frames up to 24 hours were analyzed, and infectious complications up to 1 year were tracked. Our findings suggest that the time until I&D of open fractures performed within the first 24 hours has no effect on early or late complications.
There have been several retrospective and a few limited prospective studies that examined the effectiveness of early debridement solely in tibia fractures. In a retrospective analysis of 103 patients with open tibia fractures, Khatod and colleagues 2 found no increase in the infection rate for patients who received I&D in less than 6 hours vs those who were treated after 6 hours. patients with long-bone fractures during a 9-year period that there was no difference in infectious complication rates for I&D at less than 6 hours or more than 6 hours. The historic recommendation to perform I&D of open fractures within a 6-hour window is not clearly supported by contemporary publications. In fact, although varying time points have been examined, these studies demonstrate that a delay in the time to I&D does not negatively affect the infection rate. Abbreviations: AOR, adjusted odds ratio; I&D, irrigation and debridement. a Logistic regression (by multivariable analysis) controlling for mechanism of injury and use of hardware implant.
